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ABSTRACT ; 



CHG DATE=20031129 STATUS=C>A thin-film micromachine resonator 



10/26/06, EAST Version: 2.1.0.14 



(resonator) 

having an improved drive efficiency, a resonator gyroscope having an 
improved 

sensitivity to angular velocity, a navigation system using the 
resonator 

gyroscope and an automobile are disclosed. The resonator comprises a 
tuning 

fork made of a non-piezoelectric material and first and second 
electrodes 

provided inside and outside a major surface of an arm of the tuning 
fork . 

Third and fourth electrodes are provided on first and second 
piezoelectric thin 

films provided on the first and second electrodes . AC voltages of 
mutually 

opposite phases are applied to the third and fourth electrodes . The 

tuning 

fork resonates, vibrating in the direction perpendicular to the 
center line. 

The resonator gyroscope has a sensing part made up of another 
electrode and 

another piezoelectric thin film for sensing a Coriolis force 
corresponding to 

the angular velocity applied to the resonator. 
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(57) Abstract* A thin-film micromachinc 
resonator (resonaUv) having an improved 
drive efficioicy, a resonator gyroscope having 
an improved sensitivity to angular velocity, 
a navigaticm system using the resonator 
gyroscope and an automobile are disclosed. The 
resonator comprises a tuning fork made of a 
non-piezoelectric material and first and second 
electrodes provided inside and outside a major 
surface of an arm of the tuning fork. Third 
and fourth dectrodes arc provided on first and 
second piezoelectric thin fibns provided on the 
first and second electrodes. 



wo 03/052350 Al 



(74) ftSX: @«^Ji. 9l-(lWAHASHUunioctaL); T S^^RffS: 

m ftss n£«;: a - o ^ cat. be. bg, ch. cy, a):tf-r y >x / - k J *#Ba. 

CZ, DE, DK, EE, ES. FI, FR, GB, GR, IE, IT. LU, MC, NL, 
FT, SE, SK, TR). 



AC voltages of mutualty opposite phases are applied to the third and fourth electrodes. The tuning fork resonates, vibrating in the 
direction perpoidicular to the center line. The resonator gyroscope has a sensing part made up of another electrode and anodier 
piezoelectric thin fibn for sensing a Coriolis force corresponding to the angular velocity applied to the resonator. 

(57) Si^: 

^fi[d«iRj±L^^ji^>'-v< cKD^n^s^-v-r D^ll^»fc:^ey- 



WO 03/052350 PCT/JP02/12310 

1 

m m m 

5 

0 ^ -r o S ffl :^ If 3 > ;^ 7=- A R Of 

10 

^5 4 3 8 2 3 l^ldil^l^tDfc e>nTVi5. 

15 Tij§g-rs„ 

0 1 4 c ommwi^mm^^m^^^ ^-(u ©^«0t* s . 
0i5tt. 01 4ic:^riiM«/hfii«^*«^5?-t'-rD©ffia!a5©E 

-E»r®0T*So 
0 1 4fc::felriT. #X 1 0 1 tt. 2OCDT-A1 0 2, 1 0 3 
20 fc*M«3fti&;5:S. JESIfBIl 0 4, 1 0 5 1 0 1 ©T-Z. 

1 0 2, 1 0 3 ®^M±t^n^ns3fi$nTVi^o n.®, i o 6 . i o 

7, 1 0 8, 1 0 9, 1 1 0. 1 1 Itt. mrn^lgl 0 4. 1 0 5fc. 

■en^n^iig^nTViSo 1 0 7, io8, iio, iiwz^m 

mjE^^ip-r^il^:fcJ:r), 1 0 1 jO^^gfS. 
25 0 1 5fc::feViT. 1 0 2©»t'n>ilSl 2 1. flEI|»|gl 0 4 



I 

WO 03/052350 PCT/JP02/12310 

2 

\i^Xs ^(oiM\z.nM\ 0 7,10 %i)m\ifhtix\i^u\i^%^<om\ s 
5 1 0 8 ic-en^n^i^-rsm® 1 o 6)6t, jiggufc— *fe©j^t^*UTVi 

«gl 0 7. 1 0 8 0TK:^JtenfcBE«^Ml 0 4 feiliggL 

«:©?^*^?£UTi^ieo ^(or^tb. m^it. mm 107 1 0 e 
10 0 4*«Y*iiij&i^itc#i^i-5 tfsi^fc. mrnvtz. 

mmmmi 0 4<Dmi 3 i (D^m^. ^®#r^?&«i^-r§, i^iifc, « 

mio 8tmmi 0 e tss^tiifejE^^iii 0 4MYm:^m\zmh'D t 

25 g5t<£Wr-5*fiE«*JiK*>^;5:S. 



^1 f 

wo 03/052350 PCT/JP02/12310 

3 

±CD 4» J: D Infill fc^ Jj- ^ nx Vi 5 » 

tt^^w m * t b T«im r 5 

25 i^m®#Je**i!»^f 6ti;a:Vi. bfcd^oT. ei®i?-t''f D(c*ViT. ^ib 



wo 03/052350 PCT/JP02/12310 

4 

10 mi ©Sl^ttibSStt. mi. m2CDII®a:8I^LT. ^n&©Ktc 
15 K:J;D^m$ns, 



wo 03/052350 



PCT/JP02/12310 



5 

0 8tt> ^^m<ommo^m2\z^mnwm^y^miBk^^m=FP^^ 

15 DCD^ffiHTfeS. 

@ 9 ^Jg©J^fil 2 J:::fefrt'5*ig^5^Y'r DOT- A©B - B Rlr® 

-r p 0 -:3^ © infill S J. 0 T 5 o 

25 'fP©^«0"r*5. 



wo 03/052350 



PCT/JP02/12310 



6 

5 

25 "ba—":?©^! 2 i:t>-5— ':3©^2®ligl 3(i. T-A3 



wo 03/052350 PCT/JP02/12310 

7 

m3©mSl8, 2 0 tt, mi 4, 16®±IC^tl^n 

m4©«@i9, 2 1 tt. m 2 ©jBEmiii^ 1 5 , i7©±tc. 
10 nmnB>nx\f^?>o 

m30>mm2 0 tll4©«S2 1 t)cf'i>«i7 Stt$^T8t^UT 

mi©ffi«lij^l4, 1 6, m2©JBE«^jKl 5, 17tt. ViTtlt) 
20 ^3^>mi^)Vn>mf& (PZT) T^S. 

Slfelc:. mmtEO. 2mmCD (110) ®©S i '>XA3&t2pii^^ tlS. 
i:©S i '>XA±fcl. mi«@l 0. 12.m2©S@ll, 13© 
T^KfiiJ^^^-r-ST i t>b< ffSl 0 0 A© 

25 ip$ic^m$ns. c:©±k:, cn&©ms©±i»<ii<&«i^'r'5P t - 



wo 03/052350 PCT/JP02/12310 

8 

TimoUnH)^. X/1:y^%L<tt^«Jc«fcO, iilS4 0 0 0 AcDff$»c 

5 m-^n^'^^>wt^ (PLMT) 11^ :7./'^y^iz^r)m 

VX(D. ^^>mz^)VU>mf& (PZT) ifi. X/'^y^iZ^f). 2 - 
3 (imom-^ tU^^'^iZ^M'^tl^o 
10 Z.<Dm> msnmi 8, 20tll4<D«@19, 2 1 b TWTSRfiS 

-5 J;-5 Cj^M^n-S. ;i®±l3±BgM<&^fi£TSAu. Cr. Al, C 

u, Timomnifi. 7.ny^hv<\imm\z^o. hssoooaom 

^ti^^^^kzmmtsti^o 

01. m2\z^-t^vfsi. msonmi 8.20 tii4 0m@i 9, 2 

1 . B 1 ©ffiSliJ^ 1 4 , 1 6 ^:m2©JEEM^Ml 5. 17. PLMT 
20 m. H 1 10. 1 2 2 ©M 11, 13, T- A 2 , 3 . S 

gP4*tjjDx$n. ^x?^JK©^s^^iy&t#6.ns. 
z:©t#> ^m^i<Dmm:^\^ (x^^iri) si© (i-ii) m 

(-111) aftfc;^*i"5tc/t^->->^f$n5. z. 

25 %7.y'^y^7.<Dm\f^:isi^m\mr^. mm^mm^$k(Dm^^^mir i 



wo 03/0S2350 



PCT/JP02/12310 



9 

#5mm. ±m^mo. 2minT^ ^Ij^^IrI iX:^^) ©l^^c^^H© 

C2 0 Vj&^BJUn^tlS. Mm@l 0, 1 8 iZi^^ntcm 1(0 

10 JBEm^Mi 4©^>g^i^ hJ|/©;&|pj«-;5rlRltii5. 

m^it. mi<ommi oti^-/^7.m\z. mso^mmi sifi^^-rxm 

15 6, ^2 ©ffim^Ml 5, 1 7 fel^Di^l;:, 3 1 l^^-r«fc5J5:^r 

fijd^B 1 <D^m 1 om^o ^Mmmzfsi^^'^ \zmBi)^^m-^n^t. 

20 RJ3 2<D:^f^\zWtf^o m\z. S4fc^"rJ:"5tc, ^3 ©Ml 8^*^ 

mKommi o j;:r}h^mmzfsi^^^izm&:^misa^n^t. mio 
s.mmmi 4it. ^^31 iz^-r:^m(D^m^^ hji^izmm^^ms 3 

(D:^[aHzmt5o 

VfclA-^X. ^1©S®1 0>&^GNDII@X«<K2ilGND«@t$n 
25 T> ^3©M1 8fC3^ggmjB£*^^JP$n^t. ^ 1 ©flE«liM 1 4 tt> 



WO03/0S23S0 PCT/JP02/12310 

10 

n ^ntcmm^hmmizmf^t^o 

18 0" mfsi^^^mmit)K mn-^n^t. mi(D&mmmi 4d?#t)t 

&.±ommiz^':^^. B3©m@i8. 2o\zmi<Lms f^4<Dmmi 
10 9. 2icB3o«ffii8, 2 0 tm^m<D^^m&mm^n?>iis 

Sfc. ^1©JE«^M1 4, 1 6 tf$2<Dmmmmi 5 , 17©#tJt 

15 T-A2. 3©-^n^n©4'>i:^i8^6, 7 t^LT> ^1 0, 
12t^2®«gHl, 1 3 . til ® JBESIil^ 1 4 , 16i:m2©JE« 
Iimi5, 17RtXB3©Ml8, 2 0tB4©mSl9, 2 1 J^^S 

cnjccto. ^i©jEmiijKi 4, 1 6 tm2<DBmmmi 5. n 

mi 4. 1 6 t^2©JEmiijll 5, 1 7©#rXi^^;i»5i^^fc;5:S, CI 
pLT. *Mi^llc:^Jt§m^©Jii!i;^|pl (X;&|pj) £;l^'v©iii&-rn 
*«!«^Ufc<Vi. ^©ig^, *lg^l©ffi»tt|g;&t-jil6l±-r5. 

^fc. *M^l <&«lfig-rS7-A2, 3. «gi54'fo7-A2. 3 fc¥ 



wo 03/052350 PCT/JP02/12310 

11 

i®5fc, mi. f$2. ms. m4<DnmR'(^mi. m2<D&^mm^ 
msit. Si (1 1 0) ®^>xAfc:fetiT, -^^wz^^xt- 4 y 

10 <1 - 1 0>;^|6]<£*^i:bTli§. 

\ZfS:^^tilAt>i!fi^o mt^Mm4 5m. 13 5j^(i. ^tl^tK 1 - 1 

1>:&|61» <- 1 1 1 >;&iRjic^^f 5. b)£:*t^T, ^m^io^m 
:^Mt, xx-f 7^x*««:*:i:;feS<i - i l>:&m. <- 1 1 l>;6r 

@ 6 tt. 01 id^-ry-A 2 , 3 (D^m 5 tc^ff IC (001) ®;&tgB 
|Rjbfc^iBfta«|jg©mi. ^2 ©JEEmiiMl 4. 16, 15, 17© 

<o 0 i>:^^iz^mmm^ff^rcmi(D^m^m^^'ro 
mi. m2(Di£mmmi 4, le, 15. 1 7©<o 0 i>:;&i^tBJ 
20 ia-r^mm^^izMLx. 4^<D»m^i7 h)v:^iPi<i 1 1>. <i- 
1 1>. <- 1 - 1 1>. <- 1 1 i>\tmmt:^^o Lfc*toT. * 
m'f'iiziz^iSimmm^ifiM^^nxh. 4'o<o^m^i7 

25 m7\t. m<Ds.mmm<Dmtvx. @it^fT-A2. 3©^m5 



wo 03/052350 PCT/JP02/12310 

\z^ff\z (111) mi!AmmhrcjE:^Bm7t<Dmi0j£mmmi 4, i 
6 tmzoBmw^mi s. 1 7©<i i i>:^mz^m9atm^ff'Drc^ 

mis m2(D&mmmi 4, le, is, i toixi i i>;&^ifiafc:ff 
5 ia-t^mmzMLx. s-DO^m^^ h;pj&|pi<i o o>. <o i o>. 

10 01 fc^T J; "5 tc. mi&gg s^j^r -an 1 i o . i2tm2<o 

«Sll. 1 3. ^KDfE^iEMl 4. 1 6 ^:^2©JBE«^M1 5, 1 
7. 113 ©US 18, 2 0t||4©«Sl9. 2 1tt, T-A2, 3© 

15 ^^bfeM«>>{i«#6nS;6^6T^So 
-e©# b ViS * Ji^^C® «?: :fe 0 S . 

T-A2, 3©^®5±»C:feViT, 7-A2. 3 ©4»*«» J: D "b^teig 

tiic^i ©mMi 0, i2t^2©msii, 1 3 , ^ 1 ©jEm?ii^ 1 

4. 1 6 tB2 ©JEm^Ml 5. 17.||3©m@18, 20<!:m4© 
20 «gl9. 2 l*«ffie$nst-r'5. Jl©i:^. *^^.1©7-A2, 

3 <omWi-:^n (x;&rfii) © i H©^^Miltic ( f = i 7 k h z ) 
fccfettST H^y^^XiD t)> X::i5^^|B|©2^^^-H©^i5lg^ifi^lS[ (f 
= 110 kHz) \Z^\y^r\^%y^>7.ifi±^<1S.^, 

25 T'b> ^a5*^^«^^*t8Jin^nfc:i^, 2)k'E-\^(o^mn^WLxm. 



wo 03/052350 



PCT/JP02/12310 



13 

&i,±(D^miz^\,^x. miomui 0 , i2tm2<Dnmii, is 
ifi. GNDm®xitumGi^Dn®t-^ti^. ms<Dm@i 8, 2o\z 
m^^<o^^nj£ti^. win^ns. m40mmi 9, 2 i\zit. ^30 

m 1 omm 1 0 2 (Dmm 1 1 rcxh 1 (Dmm 1 2 2 1 

mi(Dmmio, i2tm4(onmi9, 2 i\t. mm(D^^nBi)^ 
10 eam^n^o ^(Dt^. m2(ommi 1, istmsonmis, 20 

ifimii&ojs^^mmmm-^n^o eicn?, ^ 10m® 10. i2t^2 

©s@ii, 1 3\zwM-^n^^^mmtmmt^^^^\z-^n^. zl 

(ozLtx. ^mnmrni 4, le, 15. 

±^<x^^o mmiz. ^mmmmi 4, l e. 15, i7^wip;§fn 
15 ^mmm^(ommmti^'^m\zf3i^. -^^iz. mw}'i'ommmmi)m<f3: 

01. 0 2 fc5S-r<k'5fc. ^l©JBE€liMl 4. 1 6i^20JE^» 

M15. 1 7 ommi-i. ^ti'^n. f^soymmi s, 20Lf^4<omm 

19,2 10BS«J;D:fcSVi. 

20 ^i©Mio. i2a:^2©Mii. 1 3 ©M^«. -^-n^n. m 
i0jES»mi 4, 1 6 tm2(DBnnmi 5, 1 7©®i»j:o;*c#vi, 

^(Dfcib. f$3(D^mi 8, 2 0^^40^® 19, 2 1^rcitf$l<D 

Bmmmi4, 1 e t^2©EE«^Mi 5, 1 7 0Vim*iK:/t^-> 

r:>^0-rtl*^*^Cfc«-&Tt). ^3 0€M18. 2Ot^l0IISl 
25 0, 1 2 0^n-i?n0^t. ^4©«S1 9, 2 1t^20«@ll. 



wo 03/052350 



PCT/JP02/12310 



14 

SK±(D^m\z:^\^^x\t. mi. 02 fc^-rj;"5fc^i 0. 1 

2.S2©«@11. 1 3 . HI ©JBEmiilll 4, 16,^2©JE«^ 
j^l 5. 1 Zd^StBbTlri^. 

5 ^rc.mi(Dmmio, i2,^2©m@ii, i3.mi<Dmmn 
mi 4, 1 6. fB2<Dmmmmi 5, i7(Dmmui)^-^^)^^\^^om 
Mm'^ut>nxh^\f>, jiwdtiwcko. H3©ii@i8. 2 0^ m4 

©SS19. 2 1. mi ©JBEH^Iil 4. 1 6. S2©JEEmi?Ml 5. 

10 m3©sMi8. 2otmi©«@io. 1 2 t©^n-6n©p^©Mi& 
t.m4<Dmmi9, 2itm2(Dmmii, i s^n^enomoMm 

^Tc. :^^m<omm i tc^fev^Ttt. m i omm i o . 1 2 tm 2 ©« 

P t -T i Md^635:5. Tij^tt. S i Rr^P t - T i l^t 
Vi©l?, S i i)^^f3i^^m5RXfP t -T i mt. mmiz^Mt^o 
^Tc. P t - T i M©±Ctt> T- A 2 , 3 ©^M 5 t^ff (001) 

25 jE:^^mi^(OF zTit^^u^mi. m2(D&mmmi 4, le. is. 



wo 03/052350 



PCT/JP02/12310 



15 

I r-T immii^mm^nxh^ii^. 

ViT^5gbT#;fco PZTtCMg, Nb. M n 6 4>j5: < 

io<^io;%.fcp ZT^©*ri^difflVi^nT'b«tVi. PZT, PZT^ 

nscomsi 8, 2otii4©msi9, 21©. ^n-^n© 

Tfi!llC?^^$n5^1©EE«l|E|gl 4. 1 6 i:^2©M^|^l 5. 1 

15 7.^1 ©US 10, i2.^2©«igii. 1 3;o«^n^*ngirBi$n 
1. 112. ^3. ^4©«SRcx^i, m2(DEE.mmmitfm^t£ti^> 

2jc|lli©J^IIIC:feViTtt> ^X©5fe® 5:0^ Si© (110) 

Si© (100) iB'^^XAJj^^fflVi^nTfectlio Cl©'>XA{c: 
25 IILTv iIfeAm0S©<0 1 0>;6r|fi]^^^tUT. ^^I^ltCioT© 



WO03/0S23S0 PCT/JP02/12310 

16 

T.v'^ y^x^m^-r^h. <o 1 0>;^iB], <o 1 i>:&iR]*}fcK< 

L;/hj&«oT. ( 1 0 0) M^XAJd^ij-S (0 1 0) ffi, (Oil) 
5 ffi*fctt (0 0 1) m^. *lg;&lRl (X^rlRl) tit^fcLT. 

S i ®<0 1 1>;&|6IH. y^Xi!fi:k^\,>rctb. z.<o-js 
10 feT^S. 

(^Sfi©J^I§2) 

*IIJfi©J^IS2IC:feViT. IIJg©?^lil tC:feViTi^-^)S:«^t|g-«l 
©❖i^^rSo 

20 ig^5^^-f pti^^) ^^-r. 

^^^^v^^r-f P 4 0 f;i:feliT, S i S) ^5:^ 7- A 2 , 3 ©^® 5 ± 

©t$«4>*sp*^e.3fe^©p^fc. 8iijn$nfc^i3ts*i^m-r-5;fc«>©:^^ 

7-A2©±©^^g?«, T.-A2©±li5±tC^tj-e>n;fc^5©« 
25 @41» ^3 ©£Ef|^M4 3 ©m@4 5 ^-^tr. 7-A3©±© 



wo 03/052350 PCT/JP02/12310 

17 

f^3(DBmmm\t.m5(Dmm(Dmm±\zmi-f^n^om6(Dmm\t. 

5 ||5©m@4 1, 4 2fc:feViTtt. ^1 1 0, 12tm2©m 

@ 1 1 . 13 ti^<ifc> mi 0 oAom^oT i mi)K ^©tm^« 

J^T-S. lilS4 0 0 0 A©;i$©P t -T imoM^ii^^iSi^miA. -e© 

©^@©±BUfl!l*^^-r^P t -T i ^(Dttmib^^fSi^mtF Z 
10 T^3&i^:^S^3 ©JEEmiimt©Klc:Jl. IIS2 0 0 A©^$©P LMT 

$ me ©miS4 5. 4 6 ic:feViT{i. m 3 ©ms is, 2 o t 

15 ±g|5#|^«|*^f 

mi ©5l#mbm®4 7tt. T-A2©^®5±t> 6 

J: 5 Id. mi©iisi 0. mzommi i tat^bT^tt^tiT 

V^S. mi©?l#tBLm@4 7tt, ms ©mM4 1 igEi^^nTViSo 

mi ©3i#mL«ffi4 7tt. m5©mi84 1 ii^mic. T^m^m^^ 

20 f'SWil 0 OA©^;^©T il^t. c:©±fc:±IK<ll&«l^-r'5iiS4 0 0 
0 A©iP$©P t - T i ^©*t!^;i»^e.)a:S^J; 

jo^o. m 1 1 0 2 <Dmm 1 1 ©p^Rt^m i (OBnmm i4t 
m 2 ©jEmiii^ 1 5 om^Mif)^, 
25 $e.t> Bmm4 8(D±\zw^>tj'm6^^t5^^\z. m3©m 



wo 03/052350 



18 



PCT/JP02/12310 



mis. f$4<Dmmi 9 utrnmr^^oiz. ^2©§i^mb«@5 0 
sins 2 5 A©js$©T imt. :i(D±\z±M^mm-r?>ms 0 0 0 a 

i> m2(Dmmi2, 1 3 h\tmfii-r^^o\z. mi(OB\^mvmmi>^ 

nxvi^s. :i(Df^io^\^iiihmm<D±\z\t. mmm4 8tmvm^(o 
10 mmm4 9i)^mif^nx\,^^o 

d^o. ^3, ^4©ii@2o, 2 1 ii\tmm'r^^'Dizm2 0^\^iiiv 

«@5 l*t|g»te»nTViS. Jl©||2©5l€rHiL«@5 1 tt. ^6©m 

15 :$:mm(omm2iz^\,^xh. as. 0 9{c5^-rj:3ic. 

mi 4, 1 6 tm2 0mmmmi 5, 1 7 ©M«tt. -en-^n. ^ 3 © 

«S18, 2 0tll4©^®19, 2 1 ©iSSlJ;r):*:^Vi. 

mi©m@io, i2t^2©«:®ii. i3©®a«, -en 
^n. ^i©jEm^Mi 4. 1 6 tm2<D&mmmi 5. iKomm^ 

20 r);*c#Vi, 

ufc3&«oT> msomms m4(Dmm. mi(D&mmmtm2(DBm 
mmt<o\f^'rM^zA^->->if(otM^^crcm^xh. miom 

25 i^tc. f$3(Ds.mMm<Dmm\t. ^6©s®©ffl«<fct)±#i^i. ^5 



wo 03/052350 



PCT/JP02/12310 



19 

^ 6 <Z)li@ t m 5 1 ^ Efr <r ^ >&«1? ^ § . 

ei©<J;-5lc;^fifeT^il ttcJ:D> m3©mM> m4©«^, ^ 6 ©m 

mi©EE«iim> ii2©jEmiiM. m3©ffi«»M©viTn;&M-:fe 

15 ©Fb^. 112 ©m:gtl|4©ll@©rp^, m5©«@i:||6 ©«M©rBlT© 

*S^5?^-rD4 0©^^fett. :^i|ilmm, :^:g5mm, ±m 
^mo. 2mmT> ^ib^r&I (X^^IrJ) © 1 K ©^g^lSic f tt> 

20 I5m'^^^^m:^m iZ:^[pi) ©lJ*C*-K©*igMi3^iaf ttl 6 kH 

25 uzx^mvx\^^?>vtmx. YmmoizMmmibmm^n^t. t-a 



wo 03/052350 



20 



PCT/JP02/12310 



2. Sktn^j^oti\z^r) zm:&^\zMizmmt\zmt^o com^iz^ 

r)7-A2. 3±\z-^tL'enmn^nx\i^^f$3(D&mnm4 3, 44 

(ommi'vmmvrcL^^\z7-A(D^>bm^^/u'^M.\,^izmm^nx\^^ 
^(D^ib> mmiz^^biSi^^m^i^^iimmr^o $6.^, 

10 tt. K»^^*«[pj±L. wM^nrcMmm\zM-r^mmmij(Dmmi!}^[^ 

±TSo 

<Dm3(Dj£mmmhmm-^tix\f^^o ^<prctf>. ii3©«s> ^4©^ 

20 •r)fet)T&, HI. m2<Dmmifi. CNDMXttiKSGNDSgt 

$nT> H3©m@fc|^fi:ffl. H4©«ffiK:ttm3©mMiia5^ffi©3^ 

©m@*^2*ffitJ5:5«k5ic. s^mmEEit)i^n'en(Dmm\zmia-^nxh 

25 J;Vio ^lO^-^. ^JIM^Ml 4. 16. 15, 17^WiSiX^^mm 



wo 03/052350 



PCT/JP02/12310 



21 

10 ^tc. m3<D&mnmi>^mi. m2 ommmmo^n'entmmvx 

mM-^tifcA^mizMhx.f^MVfcimmmijifin^ti^. 
mmt\t. y-Ao^'bm^zMvx. ^n^enMrnizmm-^nxif^^. 

20 h:tt(i'DX. m3. ^4©mg-€-n^tit|g6<D«S©^fc:^^f s 

m3> ^4©«@cD^-n^ntii2©5i^aiL«M 

25 2|s:^Jfi©J^||2tC:feViTtt. 8J3iD$nfc^ji^©;^m^jEmit:jc«iai 



wo 03/052350 PCT/JP02/12310 

22 

10 :^mm(Dmm3\z^h>x. mmoi^mi. 2iz^\,>xm^r:immiim 
-mmu^iz^tm-^n^ai^xmmiimm^^mv. ^s^a^^^iz^ 

010. mi i\z^\,^x. ^mirs^^-( HQ o\ts —:^(o^m5t. 

15 $^5<Dm®6 2, 6 3«. >-A2, 3 (D^M 6 1 ±\z^n^nmn 
e)n§a us ©jE^iij|g6 4. e Sit. f^5(omU6 2 , 63±iz^n 

20 ^6©mg6 6 ^:$■&^TVi-5. 

^5©me6 2, 6 3. m3©EE«»l!i6 4. 6 5 <fcll 6 ©Sffi 6 6 . 

6 7©$ji^. ^f^>^p-fextt. mmcommi, 2xmmvrch(otm:^ 

25 fitjti^DTabs. 



wo 03/052350 



23 



PCT/JP02/12310 



*iiis®?^^3 fccfeViT%>> 010, mi nz^r^o\zmi(o&.m, 
^ ti © ffi ^ .fc 0 ^ o 

mtmi<onmt(omm. m4(Dnmtm2(Dnmtomm^m<^t 
utmcuiSiizwu-f^nxv^^o 

0 1 0 BtC^fl^^i^tt. S i di^;^^7-A 2. 3®^®6 1±© 

^«i;^iRi (x:^m) (D^mm^^<DT V s. y ^ >7.^mz 

TVi;5:Vi. ^<Oltti>. mmmt. n U:|-U:tHceHLTT-A 2 , 3 »C 



wo 03/052350 PCT/JP02/12310 

24 

±iBTJi. z(on:^(o±mzt>tio'x:mm^n 
15 ^Tc. mmor^ibomi. m2<D&mmmt. ^{ii®fc«e)©^3®jE 

mSB6 4, 6 5 feUF^StlT^ri-S, ^©fcje). M3. ^4©migt^ 

20 

nji-efe. mm(Dmmi, 2tmc<. mi, m20«@*^ gnd 
mi tm4<Dmmfimmx. m2tm3(Dmmi!)mmx. mi 

25 <i:m2©m@d«iiffifcJa:-5J;-5 t^gSmffidtBJjta^nX'b.kVi, :i(Dm 



wo 03/052350 



25 



PCT/JP02/12310 



iRi) &.9[-^ommmnifim^L\z<\,^, vtcifi-DX. mm-^nrcMmm 

\z-o\^^X(0^mi^'t^. 

^4©jBEmiiJt7 1 ©«^s^. m^yti^7.h. m%<ommi> 2, 3 



I 

wo 03/052350 PCT/JP02/12310 

26 

T ^ §g L =b © <h S W 1^ i; T ^ -5 . 
5 ©5l#ffibmS4 7±fC. IIS2 0 0 A01t$0PLMTjig&:^hLT. ^ 

z.^x. m4(ommmm7 1«. ^2. mdommmmi 4, 

15, 4 3 i:l^i;j?$0P ZT^di&J^S. 

n:fe«^t^o;fc<i^D«^T, mi(Dm^mvnm5 4±iz. ^4® 

ffi«»m7 4. 112 ©5l^aib«g5 Id^^Jt&tlTViS. 
15 J1J1T> ^ 1 0§l#mL/mM4 7, 4 8 i:^2 (>D5l#£t}b«M5 0 , 

5 i©^n^n©p^»c. itei&j^tLTm4©jEm»M7 1. 7 znfim^^ 
^mm(omm4iz^\,^xh. mmommi, 2. ati^iifc, m© 

SMi:^2©«S. ^l©BE«liMt^2©JE«j^m>6t. 7-A©^>L^ 

©ss©iRi±bfc*igT$^^-ro7 od^^sns. 

*rc, a[«l©fcJ6©lll ©JBE«^M1 4. 16 a:^2©JEE«^Ml 1 
25 5 , 1 7 i:, «iai©)bJe)©^3©JEm^l^4 3. 4 4 "bglP^^nTlriS, 



wo 03/052350 PCT/JP02/12310 

27 

^(Dfctb. f^sommis, f^4<Dmui 9 tm6<Dmm4 5 torn. 
^3©«@2 0. m4<Dmm2 1 tm6(Dnm4 6 t(Dm\ZB^t^^ 
mm^m^ti^. ^mt^o ufc^soT. ^mi^z^^-c mo {c:feViT«, 

^tc. mmommi, 2, 3tmv<. ^2©«@*^ 
::<Dm't\z^\f>x^. ^mmmmi4, le, 15. 1 7 ^mmx^^ 

15 z.t^-5jmiz:f3i^o 

^mm(Dmm4iz^\f^xh. mmommi, 2. stmmiz. ^3© 

^^Boatiit/ ^ x^^^iz<\f^o vrc-it>i^x. M^^x-mmmu^m 
^tc. ^mm(Dmm4\z^\,^x}t. msoBEmnmtmi. ^2©je 
25 ^(Dtctb. f$6<Dmm4 5 tms'ommi m4©mMi 9©Fb1. 



wo 03/052350 



28 



PCT/JP02/12310 



10 ^j-Rot. ma. m4(Dmmtm2(om^mvmmmizm±'r^^mm^ 

m6©«®4 5. 4 6^^^-r^mm^^^>±)u-r^zti!)tx^. m 
ibx^mm:f3i^m'i'z^^-( a 7 oifm^n^o 

*llig®^g®4 »;::feViT%. 012, 013»c^rj;5t, mi ©BE 

15 mmmiif$2<DBnmm(omm\t. ^n^nm3<ommt^4(Dmmi 
(ommjzox^^K *}fc> mi(ommtm2(Dm.m(Dmm\t. mi ©be 
mmm. f$2(OBmmm(omm^r)±^\fK 

vTcifi^x. m3©M, m4©m®, mi©jE«iiM, m2©flE« 
»m<D\,^mi>^izA^->->if(D'rni!fi^ur:Lm^x%. m3©M 

20 tmi®ms> *fcttm4©s@^:m2©m@^:©^*&*«sc:s)a:v>. 

m3 ©flE.«iiM4 3. 4 4©M«tt, m6©mffi4 5. 4 6© 

mm^K)~m^±^\^K m5©ms4i. 42©®^^, m3 

©flES^M4 3. 4 4©®m<tO-lHlt);*c#Vi. ^(Dfctb. m6©«|i 
4 5. 4 6 tm3 ©flE«lij^4 3 . 4 4 ©U-rni6M3;ti$'->r:>^^© 

25 -rtiii^^crcm'^xh. m6©s@tm5©s@a:©0i^*m<ii^:*^ 



I I 

wo 03/052350 



PCT/JP02/12310 



29 

5 *«oT. m2 ©§i#mbms5 0, 5itm4(D&mmm7 720 



10 mm<Dmm2, 3, 4tc:feviTt)> *ig^>^^<f p4 0, eo. 70 

^Tc. &mmm<om\pnzmvx%s mm(Dmmi tmmiz (ood 
mifi7-M.(o^m\zmf^vit^mi^^mm. ^rc\t. hid mffir 
'-A<D±m\zm\^hrcjE:^^mi^(Dh0i)^m\^^6tix^^\,^. z.n\z^ 
25 ^M^tircmm^!^(o:^mizMvx. miko^mo^i; h)v<DMm. 



wo 03/052350 



PCT/JP02/12310 



30 

mmoj^mz, 3, 4TiK59bfc*ii^i?^-r P4 0, 6 0, 7 0 
10 AiAn^n^o 

S i^^t^ a9»d« H t 5 . 
15 'ft&©il>«r;^a§gi^5^XxAfc, 2t!:^|g©^^^>?^^ o 4 

0, 6 0. 7 0 ^ffllri^^l t3&tT#<5. 

mm\zMt^^mmti(ommi)^m±vrcmmWifmm^^m'^'i^^^u 
25 am^n^o 



wo 03/052350 



31 



PCT/JP02/12310 



wo 03/052350 



PCT/JP02/12310 



32 

» ^ © ffi H 

10 (e) «rlBB2©«li±l;:^tj-6»nfem2©BE«liMi:. 

(f) m^mio&nmm±\zwtn^nftm3(ommts 

(g) WE^2©jEEmiij^±jc^tte»nfc^4©«iit 

lyxmi^M^tiSi^^^izmWi-^nrc 



25 3. m^v^iizmmomm^^mu^^m'fx^^'ox. 



wo 03/052350 



33 



PCT/JP02/12310 



luE^Xtt. v'Un^' (S i) ifi^fSi^ 

laiBS i © (1 1 0) ®^7XAfc:feJt-5 (1-11) m^fcit (- 

111) iBij^^ H9l3*ig;6riRita:^T^S 

bSES i © (1 0 0) M'>XAfc::feJt§ (0 1 0) ®. (Oil) 

®*;^ctt (0 0 1) mi!)mm^m:^mtmAx;&^ 
8 . M^:® 5 izmm(Dmmwmn^^m'Fx^ox. 



wo 03/052350 PCT/JP02/12310 

34 

5 

mmp t -T imi:wiBjEE«^m^:©r^fctt. ^^\z^>^>t 
^^^i^^AiimM^nrc^^ >m^ (plmt) mami-f^nrc 

10 

10. m^miizmm<omm^fi^mwL^^m'f"v^'oi:. 

mmEEmmm\t. =^^>mz^)i::i>m^ (pzd Mg, 

(PZT) m*iSJ5:5 

triBJEmifmtt. (0 0 1) MdmE^5>J5:< tfc— o©^Mt:i¥ 
fftiBlRjLfc^®#^:^3§. ^fctt (1 1 1) mi)mB'>i3i< t%—o 



12. SI^:S1 tlB«©lili«/jN8l«a;*ii^T*oT. 

25 -eni?n©±i»K:igJt6n;^Auj^^'&tp 



wo 03/052350 



PCT/JP02/12310 



35 

13. m^miizBm(DmmwiA^mn^^m'^'^$>'DX. 
^^mRibt. mBmitm4 0mmizmm'^. 1112^2^:^3© 

14. mmm^mm^^m^i'-:^^^ n'v$>'ox. 

(2) mmwv$>^x. 

(b) mwi^ii< t^—z>(o^m±(Dfp>bm^x)^^mizmmmi 

(c) mmmi<o^m±izwtn^nr^mioBmmmii. 

(d) l9IB^2 0SS±fcS:it^nfc^2©JEm»li[i:. 

(e) la^^l©JEm^M±K:^^te»n:fe:^3©«M^:> 

(f) mmm2(Dmmmm±\zmn^nrcm4(ommt 

20 s^trffi^gjt, 

(3) m^^r^':>x. 

25 Bui2^3, m4co%mizK^^\zmn(D^^m&7(>misa-$n^ct 



wo 03/052350 



36 



PCT/JP02/123tO 



thx\ 

< th-^<o^m(om^^^m^^&^jSim<Dm\zmi-f &nrc 
1 7. m^mi 4\zwim(ommm^mm^^m'i'i^^^ ux$>z>T. 

1 8. m^mi 4\zmm(ommwmn^^m'i'i^^^ ur$>^x. 



wo 03/052350 PCT/JP02/12310 

37 

1. m2(Dmm\zMLxmm'r^^^\zmn^nrcf^5(Dmmt. mm 
m 5 (Dm®±\zmn intern a oBnmmt. mmn 3(D&mmm±.iz 

oA:^\zmBmm^-^nrc 



10 



2 0. mi^mi 8fciB«0|*MIS/h«ltti5:^li^i?^-f aT*oT. 

mmizmi-f^n. 
15 iE><om\zm't^n. 

20 tmmhx. ^nf><omizmn^n. 

mum I iifB 2 (omm. mBm3tm4(Dnms mm^5tm6(omm. 
laia^i. m2(ois\^mhnmRzsmf&mi tf^2<Di£mmm. mmm 
3<omnmi^ifimm'^>bm\zi^vx. \mnm\zmm^nrc 
25 mmwL'i^mm^^m^i^y-i o. 



wo 03/052350 



PCT/JP02/12310 



38 

mB=BXU. >'Un> (S i) i)>^f3i^ 

WiBS iO (110) ®»>XAlc:fefrt'5. (1-11) m^tcU 

(-111) ®*«. mm^mi^\^ ix:j^m) tun^isi-r 

MI3S i 0 ( 1 0 0) M'^XAtcfefrtS. (OIO)M. (0 1 

1) m^Tcit (0 0 1) mifi. mm^m:ijm (x^tirj) tuM^^tsi-r 

tfffi^i. ^2. ^5(Z)ms«> 'en^tKormizm't&tircT 

2 5. mi^m2 4\zmm(ommu^i^mm^^m'fz^^^ ux^t-ox. 
'7^:^i^K7Aifimm-^nrc^^>m$i^ (plmt) mufimvf^nrzmm 



wo 03/052350 



PCT/JP02/12310 



39 

ZT) . ^fzit. Us, Nb, Un<Dm^?>'Pf3i< thl-OffiM^L^n 

5 fe^^^'vms^^wn^miB (pzT) m^^fsi?> 

Buia^ 1 , n 2 > n 3 (Dmmmm\z^\^^x. ( o o i ) mj^^ib 

® < 1 1> © M Ki¥ff KiE 1^ b jE:;^ a fiiitT * § 



25 



3 0. :J-t*y-5>3 >>'XxATa&"pT, 



wo 03/052350 



40 



PCT/JP02/12310 



:Mf 1^*- >- 3 > X 7^ A . 

3 1 . ^W}MX$>^Xs 

ii) mmf^^<Dm.m±.\zmn^nf^^z(Dmmnmt.. 

i i i) ffiiiB^ 3 <om%nm.^\zwLn intern e ©mst 

i) mu^i. ^2(Dnmiimmvx. ^n^<om\zm.\-y^n. 

iii) H&ffi^4©JEE«#M±IC^tt&tl. BulB^6©«M<hg? 



wo 03/052350 



41 



PCT/JP02/12310 



mmwLfmm^^m'F ^ < a . 

3 3. M*«3 2 ttB«©»M^/h^M^t:*^^>^^<D7?ab-pT, 
KrEWXtt. '>U3> (Si) 36>SJ5:-5 

mms i © (1 1 0) M'^XAtccfettS. (1-1 1) M^fefi 
(-111) iaiB*S;^|pj (X;&|R)) «hE^S:;S:-r 

3 5. ^*]g3 3K:®«©#Mia/jNtg«iC;^Jg^>?i--r PT^oT. 

MIBS i © ( 1 0 0) ®^7XAfc:fetj-§ (0 1 0) (Oil) 

m^Tziiit (0 0 1) Mj&t, t8fB^^ig;&iRi (x::;^iRi) tUM^^fSit 

©sffi> mum 1(031^ mvmm\t. ^n^Mrmzm-^^n^r i 
«ri3p t -T imi:H&^jEmiima:©PBittt. ^>^>t'7^^ 



wo 03/052350 



42 



PCT/JP02/12310 



15 



20 



iyOAifimia-^nr^^^yfk^ (plmt) mi)miif?>nx\,^^ 

5 WSBJBES^Mtt. ^i^>m-:>}VU>m^ (PZT) . M 

(PZT) m^^^^ 
10 3 9. m^s^ms sizBmomf^wt^mu^^m^z^^-f ur$>^x. 

ffl^gB|S]b:fc^S#:^i^ji. Sfcfl (111) ®*miH^i>:fe< ii^b— 3> 



4 0. »^:©3 2IC^m©iiMIS/jN«S«Se^^3giFe?^-f UTfeoT. 

4 1. m^mz 2\zmm(ommm^mm^^m'^p^^ ux^-:>x. 



wo 03/052350 



43 



PCT/JP02/12310 



4 2. m^ms 2izmm<Dmmm^m^^^m'?i^^^ ui!$,-dx. 

m^mi. f$2. mss f$4. ms. meomm. mib^i. 
2©§i^{iib«sstKMiB^i, m2. ^3. f$4(DBmmmi!)^. mm 

10 mmm^mm^^m^i^^-iUo 

m^^ms 2izmWi(Dmmm^mm^^m^s^^^ti^mi^^rc 

15 

4 5. Sa^T^oT. 



wo 03/052350 



PCT/JP02/12310 




WO03/QS23S0 



PCT/JP02/12310 



2/14 

FIG. 2 



f5 19 11 14 18 10 16 20 12 17 21 13 




» 



wo 03/052350 PCT/JP02/12310 

3/14 



FIG. 3 




FIG. 4 




( « 



wo 03/052350 



PCT/JP02/12310 



4/14 



FIG. 5 



(lO^^N/m^) 2.0 



1-9, 




0 45 RO m 

<j-wy <,i-ii> <oaiy <-m> 



wo 03/052350 



PCT/JP02/12310 



5/14 



FIG. 6 



mi] 




FIG. 7 



am 



wo 03/052350 



PCT/JP02/12310 



6/14 

FIG.8 




wo 03/052350 



PCT/JP02/12310 



7/14 



FIG.9 



// /5 19 4.^ 50 47 n f4 10 5 





wo 03/052350 



PCT/JP02/12310 



8/14 



FIG.10A 




9/14 



FIG.11 



5 15 19 Id f4 10 




wo 03/052350 PCT/JP02/12310 

iO/14 



FIG. 12 




50 n Ui-W 4 20 16 J2 SUA 



PCT/JP02/12310 



11/14 

FIG.13 



11 15 1^ 50 714-1 Id 14 10 5 




* 9 % 

WO 03/052350 



PCT/JP02/12310 



12/14 

FIG.14 



m m m m 




101 



wo 03/052350 



PCT/JP02/12310 



13/14 

FIG.15 



i(n w rsi m 104. W6 




wo 03/Q523SO 



PCT/JP02/12310 



14/14 



1 






2. 3 






4 






5,6 1 


±m 


6. 7 






1 0. 


1 2 




1 1, 


1 3 


112 ©MM 


14. 


1 6 




1 5. 


1 7 




18, 


2 0 




19, 


2 1 




3 1 






3 2, 


3 3 




40, 


60. 


7 0 liasim/jN^ttic^^i^^-i'D 


41. 


42. 


6 2. 6 3 US com 


43, 


44. 


6 4, 6 5 ^SCDJEEmitlS 


45, 


46. 


6 6, 6 7 ^60^11 


47. 


5 4 




48. 


4 9 


mm 


5 0, 


5 1 




71, 


74 





INTERNATIONAL SEARCH REPORT 



lotemational ^plication No. 

PCT/JP02/12310 



A. aJVSSMCAnON OF SUBJECT MAllBR 

Int.Cl^ G01C19/56, G01P9/04, G01C21/00, H03H9/17, H01L41/08 



Accoiding to Interaatkmal Patent Qassificatioii (IPC) or to both natioiial classification and IPC 



B. FIELDS SEARCHED 



Nfininuim documentation searched (dasaficatimi system fbUowed by classification symbols) 

Int.Cl^ G01Cl9/56r G01P9/04, G01C21/00, H03H9/17, H01L41/08 



Documentation searched other than minimum documentation to tiie extent fbat such documents are inchided in the fields seodied 
Jitst^ Shinan Kbho 1922-1996 Torolai Jitsuyo Shinan KcAo 1994-2003 

Btokai Jitsijyo Shinan Kbho 1971-2003 Jitsuyo Shinan Toroku Kbho 1996-2003 



Electronic data base consulted during the inteniationa] search (name of database and, where practicably search temis used) 



C. IXXmCBhirS CONSIDERED TO BE RELEVANT 



Categ(Hy* 



Citation of document^ with mdication, where appropnate, of the relevant passages 



Relevant to claim No. 



JP 9-105634 A (Nippon Soken^ Inc.)^ 
22 April, 1997 (22.04.97), 
Par. Nos. [0051] to [0052]; Figs. 2, 9 
(Family: none) 



JP 8-5382 A (Nippondenso Co., Ltd.), 
12 January, 1996 (12.01.96), 
Figs. 5 to 8 
(Family: none) 



JP 10-339637 A (Nippon Soken, Inc.), 
22 December, 1998 (22.12-98), 
Fig. 5 

& OS 6018996 A 



1-3,5,8-10, 
12-18,20-21, 
24-26,28-31 
4,11,19,27, 
32-33,36-45 

1-3,5,8-10, 

12-18,20-21, 
24-26,28-31 
4,11,19,27, 
32-33,36-45 

1-3,5,8-10, 
12-18,20-21, 
24-26,28-31 
4,11,19,27, 
32-33,36 



[!<] Further documents are listed in the OQOtinuation of Box C See patent femily annex. 



* Spcda] categories of dted documenls: 

doamwntdefimng the gOMTBl state ofihe art whidi is not 

considered to be of particnlar rdevaDoe 
"E* eariier document but publisbedoo or afiertiie international J 

date 

"L* document which may throw doubts OD priority claiin(8) or vdu 
cited to cstablisb the pubUcatioo date of another citation or other 
special reason (as specified) 

tr document le&nring to an orddisciosurE;iise» exhibition V 
means 

'V document published prior to the intematiooal filing date but later 
tiian the priority date claimed 



T* later document published after the international filing date or 
priority date and not in conflict with the qipHcation but cited to 
unden^and the principle or theory underlying the invention 

""TC* documentofperticularrelevanc^tiwclainied invention cannot be 
considered novd or cannot be considered to involve an mventive 
step when the document is taken alone 

document of particular relevance; the claimed invcnti<m cannot be 
considered to involve an inventive stq> when the document is 
combmed with one or more other such documents^ such 
combination being obvious to a person skilled in die art 
"AT document member of the same patent fimily 



Date of the actual completion of the intematicmal seardi 
19 February, 2003 (19.02.03) 



Date of mailing of the mtemational search report 
04 March, 2003 (04.03.03) 



Name and mailmg address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCTASAy210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH KEPORT 



IntBToational application No. 

PCT/JP02/12310 



C (Continuation). IXX:UMENTS CONSIDERED TO BE RELEVANT 



Cat^oiy* 



(Station of documeDt, wifli indicatioii, wliere apjptopnste^ of the idevant passages 



Relevant to claim No. 



JP 55-49020 A (Daini Seikosha Kabushikl Kaisha) / 
08 Aprils 1980 (08.04.80), 
Full text; all drawings 
(Family: none) 

JP 10-19574 A (Nikon Corp.), 
23 January, 1998 (23.01.98), 
Par. No. [0022]; Fig. 6 
(Family: none) 

JP 2-218915 A (NEC Home Electronics Ltd.), 
31 August, 1990 (31.08.90), 
Page 3, lower left column, lines 11 to 18 
(Family: none) 

JP 4-504617 A (Bofors AB.), 
13 August, 1992 (13.08.92), 
Fig. 11 

& EP 460089 A & US 5251483 A 

6 WO 90/1096 A 

JP 9-280868 A (Kinseki Kabushiki Kaisha), 
31 October, 1997 (31.10.97), 
Fig. 1 

( Faiaily : none ) 

JP 57-160067 A (The Bendix Corp.), 
02 October, 1982 (02.10.82), 

Figs. 1, 2 
(Family: none) 

JP 5-3225?9 A (Tamagawa Seiki Co., Ltd.), 

07 December, 1993 (07.12.93), 
Par. No. [0015] 

(Family: none) 

OS 5438231 A (Rockwell International Corp.), 
01 August, 1995 (01.08.95), 
Full text; all drawings 
(Family: none) 



4,19 



11,27,39 



32-33,36-45 



32-33,36-45 



32-33,36-45 



6-7,22-23, 
34-35 



6-7,22-23, 
34-35 



1-45 



Fonn PCT/ISA/210 (continuation of second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



Inteniatioiial application No. 

PCT/JP02/12310 



Box I Observations where certain daims were found nnsenrchabie (Continuation of item 2 of first sheet) 

Hus intemational search tcpott has not been established m xespcst of certain claims under Article 1 7(2X&) for the following reasons: 

1. Q ClaimsNos.: 

because they idale to subject matter not requited to be searched ttis Aulfa^ 

2. Q ClaimsNos.: 

because they relate to parts of the intemattcmal application that do not omnply with the prescribed requirements to sudi an 
extent that no meanu^gfiil intemational search can be cairied out^ specifically: 



3. Q ClaimsNos.: 

because tliey are dependent claims and are not drafted m accordance witii tiie second and third sentences of RuIe6.4(aX 



Box n Observations where unity of invention is iacbSng (Continuation of item 3 of first sheet) 

This Internationa] Searching Authorify found multiple inventions in this international application, as follows: 

The technique of totally separating a piezoelectric device, not only its 

electrode part^ is mere a known one. Therefore the inventions of claims 1-3; 

5; 8-9; 10; 12-18; 20-21; 24-26; 28-31 make no contribution over the prior 

art (see p. 2 of this intemational search report) . 

Consequently, the claims do not coinply with the requirement of unity of 

invention . 

Claims 4, 19: Insulating Technique 

Claims 6-7; 22-23: Technique of selecting of the direction of the face 
of silicon 

(continued to extra sheet) 

1. I x{ As att required additional seardi foes were tinidy paid by the applicant, this inteniational search rq^ 

daunsL 

2. I I As all seaichat^ claims GbuU be seardied without efifortjustifymg an additional foe; tl^ 

of any additiimal fecL 

3. I I As only some ofthe required additional search foes were timely paid by the q)plican^ 

only tiiose claims for wtaxh foes were paid, ^pectfically daims Nos.: 



4. 1^ No required additicmal search fees were timely paid by the applicant Consequently, this mtemational search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest |^ The additional search foes were accompanied by the ^iicanfs protest 
fx] No protest accompanied the p^ment of additional search foes. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



INTERNATIONAL SEARCH REPORT 



Intemadonal application No. 

PCT/JP02/12310 



Contxnuation of Box No -II of continuation of first sheet (1) 



Claims 11^ 27: Technique of selecting alignment of piezoelectric 
thin film. 

Claims 32-45 : Technique of forming a multilayer of lead-out electrode 
and a piezoelectric thin film 



Porm PCT/ISA/210 (extra sheet) (July 1998) 



BRttSfl^ PCT/JP02/1 23 10 



A. moMtt^b^ffffmi (mnrnmi ( i p o ) 

.1 nt-CrOOlCl 9/56, G01P9/04. G01C2.1/00, H03H9/'17, H01L41/08 



I n t.C I'GO ICl 9/5 6, G01P9/04, G01C21/00, H03H9/17. H01L41/08 



P3p®||fflff*&» 1 922-1996^ 

B*B^ffill^«f|g^# 1971-2003^ 

B*Ha«lk^fflieflg^ 1994-200 3^ 

P*H*«0f^^i&a 1 996-2003^ 



jp 9-105634 A m^^By^^m^u&u^m^ 

^) 1 997. 04. 22, [0051] - [0052] , ^2 
0, ^90 (77^y-*U 



JP 8-5382 A (B^m^tteit:^ 1 996. 0 1. 1 
2, ^50-^80 (^T^y-jfeU 



I 



1-3, 5, 8-10. 
12-18,20-21, 
24-26,28-31 

4.11,19,27, 
32-33, 36-45 

1-3.-5. 8-10, 
12-18, 20-21. 
24-26, 28-31 

4.11, 19,27, 



roj am^x^m^. mm. M^KmR-ti>:X!». 



<wii«^©fc»k:3lffi-^S t © 
fYj #K:iia©&i3lcStT?feoT. a»:JCiti:flfe©lK 
r&j K-^^^Vh^r^U-ASt 



19. 02. 03 



04.03. 03 



B*ffl1*sf/f (ISA/JP) 
SfilS^l 00-8 9 1 5 
m^=fftfflE«#iiHTa 4»3* 




2S 



9 4 0 2 



03-3581-1101 rtlft 3216 



«SCPCT/1 SA/2 10 (m2-<-s;) (1998^7^) 



BKJtiUS*^ PCT/JP02/123 10 



c (ggt) . 
















00, 00^45 


X 
Y 


JP 10-339637 A (W^'^S^^tWim^ffpm^m^ 


1-3, 5, 8-10, 
Iz-18, 20-21. 
24-26,28-31 

4.11. 19,27. 
32-33,36 . 


Y 


JP 5 5-4 9 0 20 A (tSfca:^ttifr3»I#) 1 9 80. 0 
4. 0 8, ±0 (7t5 9-jJCU) 


4,19 


V 
X 


Jx' iU iyo/4 A l^^STt — 1998. 01. 
2 3, [0 0 2 2] i^. y-jfeb) 


11, 27, 39 


Y 


JP 2-218915 A (02|5:m^J^^— Aa^l^^ Knrz^X^^ 
S:^|t) 1 9 90. 0 8. 3 1. ^SK^TfiHl Ifr-l 8=fT (7 


32-33, 36-45 


V 
X 


i r 4 — oU4ol/ A ^*r^7^ — ^ 31'— tr* — ) 1 9 9 2. 
08, 13,^110 &EP 460089 A &US 52 
5 1483 A &WO 9 0/1 0 96 A 


32-33, 36-45 


Y 


JP 9-280868 A (=¥:^-fe^t!|^tt) 1 9 97. 1 

0. 3 1, 1110 (77^y-'5;U 


32-33, 36-45 


A 


JP 57-160067 A (•»)*- ^l/'.'f^ V^T^ • jKI^— 
^y^V) 1 98 2. 10. 0 2, S10, %7.m (7T$y-Jfc 


6-7.22-23,3 
4-35 


A 


JP 5-322579 A 1 9 9 3. 1 
2.07, [0 0 1 5] © (7T5y-*L) 


6-7, 22-23, 3 
4-35 


A 


US 5438231 A (Rockwell International Corporatio 
n) 1 9.9 5. 0 8. 0 1, ^ (^r^y-^U 


1-45 



«ia:PCT/ ISA/2 10 (^2-t-5?©»t) (1 9 9 8¥7fl) 



■KHlJi#-§- PCT/JP0 2/1 23 1 0 



ftj|8^fe»3« (PCT 17^(2) fa)) wa;eicJ;!J^ C©Ht8aaE«^tt*oa*fcA Dm*«)|5ffl«!>-SSfcoi^Tf^ 



2. □ ^B, ^r®S^i;B^5iBiESr•rs^:^:;^•T»t5S«^•T?0f^oSI#S^S^fcUTv^ 



3. □ a*«Z>«Sffl ^tt, «JRai*©«ffl-C4)oTPCTafl!l6.4fa)(Df[2:S3ltf^3S:flD«:£K: 



3feS^^S[$|f{;iil^*-f , f|*(^Hl-3, 5, 8-9, 10, 12-18, 20-21, 24-26, 28-31 r±5fetT$^flf<&S 

If ^©^ffl4, 19 : l&ig^StW 

^^©#ffl6-7, 22-23; i^y 3:^©ffi:3^|Rl3l^$l? 
^$©M11.27; ffmj^l^OiBlpjS^^f 

it*©^ffl32-45; 51 1 W umffiSrJE^Itl^i: 



1. @ WffiA:^!fcl?*iiJlI^¥««Sr-r-<T«!rartKjtt#U*:©-r?. ;i©HiPS^««f4. ■f'<T©IK£l5r^*li}* 



4. □ mSAifiSi«:te©(]P^^«»«rMrai*Slc«W-U4*>-ofc<DX\ COHIR^I««fix IS*©«Boflfe«IK:Se 



aAPCT/i sA/2 10 mi^-i^<om^ (1) ) (1993^7^) 



